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Of the icy moons of Jupiter, Europa is thought to be the
best candidate for having a liquid ocean undereath a relatively
small layer of ice. Estimates put the thickness of the ice shell
anywhere between 2-30 km, with a few models predicting up
to 100 km. Much of the uncertainties are due to the largely
unknown temperature gradients and levels of water impurities
across different surface layers. One of the most important
geological processes is the possible transportation of heat by
ice convection. If the ice is convecting, then an upper limit of
about 20 km is set for the depth of the ocean underneath. Con-
vection leads to a sharp increase in temperature followed by a
thick region of nearly constant temperature. If ice is not con-
vecting, then an exponentially increasing temperature profile is
expected. The crust is thought to be a mixture of ice and rock.
Although the exact percentage of rock is not known, it is ex-
pected to be low. Additionally, the ice crust could contain salt,
similar to sea ice on Earth. The exact amount of salt and how
that amount changes with depth is also unknown. In prepa-
ration for the Jupiter Icy Moons Orbiter (JIMO) mission, we
performed simulations for a surface-penetrating radar investi-
gating signatures for different possible surface and sub-surface
structures of these moons in order to estimate the applicability
of using radar with a frequency range between 1 and 50 MHz.
This includes simulations of power requirements, attenuation
losses, layer resolutions for scenarios with and without the
presence of a liquid ocean underneath the ice, cases of con-
vecting and non-convecting ice, different impurities within the
ice, and different surface roughnesses.

The figure shows simulations of a received subsurface
sounding signal at 10 MHz for a typical Europa scenario.
In this case, we treated the 7-km ice as a layered medium
consisting of a 2 km-thick icy crust with 5% impurities and
5 km-thick pure ice with bedrock or an ocean undemneath.
The 5-km layer of pure ice is assumed to be convecting or
non-convecting with resulting differences in the temperature
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profile. The results show that we will be able to differentiate
between a) ice covering bedrock from b) ice covering an ocean,
as well as between convecting and non-convecting ice. The
ice/rock-ice interface is at a depth of 2 km in both cases. The
ice-ocean or ice-bedrock interface is at a depth of 7 km in both
cases (the data beyond 7-km in are a) due to the foldover effect
of the FFT).

The space environment above the icy surface of Europa is
a source of radio noise in this frequency range from natural
sources in the Jovian magnetosphere. The ionosopheric and
magnetospheric plasma environment of Europa affects propa-
gation of transmitted and return signals between the spacecraft
and the solid surface in a frequency-dependent manner. The
ultimate resolution of the subsurface sounding measurements
will be determined, in part, by a capability to mitigate these
effects. We discuss an integrated multi-frequency approach
to active radio sounding of the Europa ionospheric and local
magnetospheric environments, based on operational experi-
ence from the Radio Plasma Imaging (RPI) experiment on the
IMAGE spacecraft in Earth orbit, in support of the subsurface
measurement objectives.

B o Ocean at Botiom
ET - Convccling
E 20 - —— Nonconvecting | 7]
= - lce/Rock lce Ocean
= - —
= o .
o p
=3 -
@O =
= ]
Q ]
2
o ]
:
[ E:]

Depth (km)



